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Milk price tendency is essential for the national economy and protection of milk producers. The constant need 
to align with European standards motivate this study to assess the interaction of milk prices in our country 
compared to the European Union. The objective of the study was to statistically compare the prices from 
Romania and UE. For a deep overview we took into consideration the quantity from Romania and most important 
qualitative milk parameters namely protein and fat content. The data was from 6 years from 2013 until 2018 
and from all four seasons. Analysis of variance was performed together with mean comparisons between 
different years and seasons. Milk medium prices were higher with at least 20% in UE compared to Romania. 
Prices were higher in autumn and winter rather than in spring and summer proportionally with the quantity of 
milk. Protein and fat content was significantly higher in autumn and winter season. 
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INTRODUCTION 
Understanding the tendency of price behavior is a critical element for the decision 
makers and some uncertain conditions could significantly influence the return of 
dairy market participants (Hansen and Li, 2017; Yang et al., 2019; Anggita and Ali, 
2017). Unfortunatly, in Romania the protection policy for milk producers is not 
well developed and seems not to function primarily among subsistence livestock 
farms. For our country, primary milk production is a strategic product that 
provide food and economic income for the population (Panzaru and Medelete, 
2018; Popescu and Angel, 2019). The milk production represents the second place 
after meat and animal production in zootehnical sector from almost all areas in 
Romania (Panzaru and Medelete, 2018). Some problems with milk price and other 
dairy products could be summarized by the appliance of some rate quotas to the 
price only at processed products like butter or milk powder, while European 
Union made a fully liberalized market for cheese (Panzaru and Medelete, 2018; 
Kalliovirta et al., 2019). The prices for agrifood products from Romania are 
usually set up following chain stage, market prices, the price system during 
previous periods of time and the price from the Common Market over years. The 
European Union established fixed prices for agricultural products based on an 
indicative price for transaction, the initial minimum level for the price at which 
 
products could be sold via import and the amount affordable for buy and store which is the guaranteed level for the 
price (Fousekis, 2018; Symeonidis and Tserkezos, 2020; Gulseven, 2018). 
Setting up a price is a challenge and as well could be a complex action because of many companies and products 
diversity competition for the different consumers tastes (Xu et al. 2020; Amirnejad and Tonakbar, 2018). All 
agricultural and zootehnic products suffer fluctuation over time because of the emergence of inflationary factors, 
products perishability, specific storage needs, quality and quantity of consumer demands, therefore the term of 
market goods for existential consumption (Kharin et al., 2017). Taking for example other European countries such 
as Germany and Switzerland, in Germany is characterized by tariff-protected for dairy products prices except of 
cheese and at the milk producer prices for cheese are not linked with foreign prices level but with the industrial 
national production. In Switzerland, high-quality products are the only factor for the speed and difference of price 
transmission that can reduce international competition and pressure for price change via imposed tariffs (Hillen 
and von Cramon‐Taubadel, 2019; Hanrahan et al. 2018). Increased variability for the milk price both in the world 
and especially in Romania territory, the world feed price during the last 10 years has increased the need for research 
on price dynamics and price forecasting (Hansen and Li, 2017). There is a real need for a fair competitive market 
with a methodology that could diminish the risk to set an inefficient milk price base either too high or too low (Flux, 
2020). A price that is too high could act as a barrier to economic efficiency (Borawski et al. 2020). It could be 
highlighted here that it could be a good idea to establish the milk price following a tested formula that should keep 
in account the content of fats and proteins for the raw dairy milk producers. Also, some studies tried to propose 
some adjustments including the milk volume and composition of fat which gives the milk profitability. Some recent 
price value increase was based on fat and protein relative ratio when evaluating farm system breed choice (Edwards 
et al. 2019). The aim of this paper was to explore the dynamics between 6 years of monthly milk medium prices 
from the European Union and Romania. The forecast of milk quantity and composition in terms of protein and fat 
from the Romanian collected milk were also tested. 
 
MATERIALS AND METHODS 
The data source was from EU communication after Regulation (EU) No. 2017/1185 Article 12(a), Annex II.4(a). 
Monthly medium price from Romania and Europe was analyzed based on seasonal change and trends between 6 
years respectively 2013-2018. The milk price from Romania was in ROL and EURO for a better comparison between 
value changes. Other parameters taken into this study from Romania were the quantity of milk previously 
transformed from kg in millions of liters and the percent of protein and fat from raw dairy milk. The analysis was 
made between year, season and interaction or year and season for ANOVA, the seasons were abbreviated as follows: 
Sp for Spring season, Su for summer season, Au for autumn season, Wi for winter season and the years were 13 for 
2013, 14 for 2014, 15 for 2015, 16 for 2016, 17 for 2017 and 18 for 2018. 
All the data were analyzed in the software RStudio (R Studio Team, 2020) and R (R Core Team, 2019). We used 
the ANOVA and least significant difference (LSD) tests (Vâtcă et al., 2020; Vidican et al., 2020), which proved their 
performance in the assessment of variations in large databases, based on multiple factors. The two packages used 
are “psych” (Revelle, 2018), for basic statistics and “agricolae” (de Mendiburu, 2021) for ANOVA and LSD. 
 
RESULTS AND DISCUSSIONS    
Market tendency regarding medium price per liter registered significant growth (P < 0.001) in the cold season 
in Romania and in European Union the significant differences were seen over the years (P < 0.05) (Table 1).  
 
Table 1. Analysis of variance (ANOVA) for comparison between the price expressed in euro from 
Romania and European Union as effect of season and year change 
 Price from Romania (euro) Price from European Union (euro) 
 F P value F P value 
Year 0.10 0.753 6.86 P < 0.05 
Season 10.36 P < 0.001 1.25 0.300 
Year x Season 0.10 0.958 0.22 0.881 
 
European Union medium milk price was higher than in Romania as a general observation, the maximum limit was 
set at 0.40 euro in December 2013 and the minimum value of 0.34 in March in the same year. In Romania, raw milk 
price from 2013 follows the maximum price trend from December with a minimum value in June during summer 
based on a high milk quantity collected during this season. The difference between the prices from both compared 
regions shows that in Romania the price was with a minimum 20% lower than in European Union. 
By comparing the price tendency between years and seasons from Romania, we observe that the value of 
medium milk price decreased significantly from spring season of the year 2013 compared with the same season of 




Figure 1. Milk price from Romania converted in euro (mean ± S.E., LSD significance level at P < 0.05) 
 
Significant lower price values were observed in summer, autumn and winter, in Romania between 2013 year and 
2015-2016 period (LSD, P < 0.05). The lowest medium milk prices in Romania were registered in spring and 
summer of the years 2015 and 2016 with significant differences among all other compared years (Figure 1). 
If we compare the prices from Romania with the UE, it was observed a significant difference with higher values 
in UE in autumn and spring seasons of 2015 and 2016. Regarding the summer season significant higher differences 
were noticed in UE in the years 2015, 2016 and 2018. The winter season highlights only significant differences 
between both regions, superior price was as well set up in UE. 
 In European Union, we can discuss as well as before the differences between years and seasons, taking into 
account the reference starting year 2013 from which we have the set of dates. Therefore, the evolution of medium 
milk price showed a decrease in 2015, 2016 and an increase in 2014 compared with the price from 2013 in the 
spring season. Lower significant milk price was registered in summer of the time interval 2015-2018 compared 
with the reference year 2013 (Figure 2).  
 
 
Figure 2. Milk price from European Union in euro (mean ± S.E., LSD significance level at P < 0.05). 
 
The autumn season of 2013 was much homogeneous in trend prices and all other values were significantly 
decreased, so this year could be characterized as a year with high economic efficiency if we consider the medium 
milk prices. The values from the winter season showed significant differences with a decrease of milk medium price 
in the period of 2015-2017 compared with 2013. 
Raw milk quantities registered in Romania had the highest value in summer season of 2014 and 2018 and the 




Figure 3. Milk quantity produced in Romania in millions of liters (mean ± S.E., LSD significance level at P < 0.05) 
 
Milk medium price was significantly higher in the summer of 2014 compared with autumn and spring of 2018. The 
highest milk quantity from the reference year 2013 was observed in July in the summer season and the lowest value 
was in autumn at the transition to winter. 
The total collected quantity was very significant depending on year and season (P < 0.001) (Table 2). Milk 
protein percent was significantly influenced by season and milk fat percent was significantly correlated with the 
year (P = 0.001) and season (P < 0.001). 
 
Table 2. Analysis of variance (ANOVA test) of total collected milk quantity, protein and fat by season and 
year 
 Milk quantity Protein Fat 
 F P value F P value F P value 
Year 24.07 P < 0.001 3.10 0.083 12.03 0.001 
Season 19.38 P < 0.001 34.78 P < 0.001 46.65 P < 0.001 
Year x Season 0.76 0.519 0.81 0.493 1.52 0.218 
The highest content of protein in raw milk was in October for the reference year 2013, perhaps due to the quality 
of silage. The lowest protein content from collected milk was seen in July; summer season a reliable reason could 
be the climatic conditions of that period. In the spring, summer and winter seasons no significant changes in protein 
content happen between years (Table 3). Autumn had significant differences between the 2013 and 2014-2015 
period. 
The fat content did not differ significantly only in the winter season from 2014 compared with 2016-2017 (Table 
4). The highest registered value of fat percent from milk was in January in the reference year 2013 for about 3.95% 
and this growth was influenced by the continuous and constant and high-quality feed. The lowest value of the milk 
fat was noticed in the summer season when the livestock animals consume a high quantity of water because of an 
increased temperature in the atmosphere. 
 
Table 3. Changes and evolution of milk protein content expressed in percent of the total quantity in all 6 
years and seasons (LSD test, P < 0.05) 
Year / 
Season 
Spring Summer Autumn Winter 
2013 3.3±0.01defgh 3.27±0.02fghi 3.49±0.04a 3.38±0.03bc 
2014 3.26±0.02ghi 3.26±0.01ghi 3.36±0.04bcde 3.36±0bcde 
2015 3.29±0.01efgh 3.24±0.02hi 3.32±0.02cdefg 3.36±0.03cde 
2016 3.28±0fghi 3.24±0hi 3.43±0.04ab 3.33±0.03cdef 
2017 3.28±0.01fghi 3.22±0i 3.36±0.03bcde 3.38±0.03bc 
2018 3.27±0.02fghi 3.27±0.01fghi 3.37±0.03bcd 3.37±0.03bcd 
Note: Means followed by different letters indicate differences at P < 0.05 according to LSD test. All data were subjected to the post-hoc 
comparison, and this permitted the interpretation both on vertical (Year) and horizontal (Season) planes. 
 
Table 4. Changes and evolution of milk fat content expressed in percent of the total quantity in all 6 years 
and seasons (LSD test, P < 0.05) 
Year / 
Season 
Spring Summer Autumn Winter 
2013 3.78±0.01efgh 3.69±0.02ijk 3.73±0.03ghijk 3.88±0.04abc 
2014 3.74±0.02ghij 3.65±0.01k 3.80±0.03cdefg 3.84±0.01bcdef 
2015 3.76±0.01fghi 3.66±0.00jk 3.86±0.05abcde 3.86±0.03abcde 
2016 3.80±0.01cdefg 3.74±0.00ghij 3.79±0.05cdefg 3.93±0.01a 
2017 3.75±0.03ghi 3.70±0.00hijk 3.87±0.04abcd 3.94±0.01a 
2018 3.79±0.04defgh 3.70±0.02hijk 3.86±0.04abcde 3.93±0.01ab 
Note: Means followed by different letters indicate differences at P < 0.05 according to LSD test. All data were subjected to the post-hoc 
comparison, and this permit the interpretation both on vertical (Year) and horizontal (Season) plane. 
 
CONCLUSIONS 
Milk medium price was significantly high in the cold season in Romania and significantly low in the summer season. 
The only significant differences were based on the season. 
In European Union the significant differences were seen over the years with the highest value in the reference 
year 2013 and autumn season. 
Both regions had an increased milk price in December because of the highest care measures and low milk 
quantity in the winter season. The lowest prices from Romania were in summer season and in UE in spring season 
respectively. 
The milk quantity was significantly higher if year and season were individually analyzed, with the highest values 
in 2014 and 2018 and lowest values in 2013 and 2014. As well it can be seen a similar tendency of increased milk 
quantity during summer and lower milk quantity in the winter season. The protein content from the collected milk 
differed significantly only in the autumn season between 2013 year and all other years except 2016. Milk fat content 
differed significantly in autumn season (2013 and 2017-2018) and winter season (2014 and 2016-2017). 
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